Tracheal stenosis is a serious but fortunately rare complication of prolonged endotracheal intubation. Its incidence in recent years has been reduced by the early use of tracheostomy in those patients who require prolonged ventilatory support. Tracheostomy itself is not without complication however, and this includes percutaneous as well as formal surgical procedures. We report the case of a patient who developed complications of both prolonged endotracheal intubation and tracheostomy insertion and who presented for anaesthesia with recurrent severe central airway obstruction.
Tracheal stenosis is a serious but fortunately rare complication of prolonged endotracheal intubation. Its incidence in recent years has been reduced by the early use of tracheostomy in those patients who require prolonged ventilatory support. Tracheostomy itself is not without complication however, and this includes percutaneous as well as formal surgical procedures. We report the case of a patient who developed complications of both prolonged endotracheal intubation and tracheostomy insertion and who presented for anaesthesia with recurrent severe central airway obstruction.
CASE HISTORY
A 35-year-old male was admitted for further assessment of his cardiac failure and suitability for coronary artery bypass grafts. He had a history of poorly controlled insulin-dependent diabetes mellitus since 1974 and had had laser therapy to both eyes in 1994. He was smoking up to 25 cigarettes per day until this admission.
The patient initially presented to another hospital with an extensive anterior myocardial infarction, complicated by ventricular fibrillation. Following successful resuscitation, he received thrombolytic therapy (TPA) but developed cardiogenic shock and required respiratory support in the ITU for 17 days.
A percutaneous tracheostomy was performed 16 days after his admission. The tracheostomy remained in place for 21 days after which time it was removed without complication. Two days later the patient went home. Just prior to discharge the patient underwent coronary angiography. This showed a left ventricular ejection fraction of 40% and the presence of triple vessel coronary artery disease that was not thought to be suitable for grafting.
Over the next seven weeks he was readmitted on two occasions with acute respiratory distress and stridor, each time requiring tracheostomy. Respiratory function tests performed during this time showed evidence of fixed airway obstruction consistent with tracheal stenosis. During the patient's third hospital admission his trachea was decannulated for a short time only to result in further respiratory distress and stridor, requiring a fourth tracheostomy. At this point he was transferred to our unit.
Medications on admission were captopril 50 mg tds, frusemide 40 mg bd, digoxin 250 µg daily, aspirin 150 mg daily, Mixtard insulin 50U (Novo Nordisk) in the morning and 26U in the evening. Following transfer, he remained free of stridor for a number of days, and following consultation with the ENT surgeons the tracheostomy tube was removed. Following removal however, the patient developed repeated episodes of intermittent stridor and was referred for fibreoptic bronchoscopy. Performed under local 
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Sevoflurane is a newly available volatile anaesthetic agent which is suitable for inhalational induction of anaesthesia. Due to concerns about obstructing the upper airway as anaesthesia deepens, its use has until now been avoided in patients with upper airway obstruction. We used its smooth induction and recovery properties however to anaesthetize a patient with central airway obstruction and coexistent ischaemic heart disease. Sevoflurane proved to be a very satisfactory agent in this situation.
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Anaesthesia and Intensive Care, Vol. 25, No. 6, December 1997 anaesthesia, this showed granulation tissue with webbing extending for at least 2 to 3 cm distal to the tracheostomy site that could not be passed with the flexible scope. A further tracheostomy was required after he developed respiratory distress and stridor in the recovery unit. This was carried out under local anaesthesia by the ENT surgeons at the level of the 3rd and 4th tracheal rings.
On the same evening, following an episode of coughing associated with suctioning of the trachea, the patient acutely developed surgical emphysema which extended to the left side of his face and his left arm. Chest X-ray demonstrated an apical right-sided pneumothorax. An intercostal drain was inserted into the right chest with minimal clinical improvement. The patient continued to have severe inspiratory and expiratory stridor. It was noticed at this time that slight advancement of the tracheostomy tube seemed to improve the stridor. An urgent rigid bronchoscopy was arranged to further examine the upper airways.
The patient was transferred to the operating theatre without premedication. He was cardiovascularly stable with a heart rate of 74 bpm and blood pressure 99/75 mmHg. He had audible inspiratory and expiratory stridor and a respiratory rate of 20 per minute. He had marked surgical emphysema extending throughout the left side of his chest wall, neck and face. He received humidified 70% oxygen through a tracheostomy mask and maintained oxygen saturations in the region of 98%. Intravenous access and monitoring (ECG, pulse oximetry, invasive BP, end-tidal CO 2 , FiO 2 ) was established preoperatively. Midazolam 2 mg IV was given in theatre. Inhalational induction was our preferred anaesthetic technique in view of stridor persisting despite tracheostomy insertion and the unknown nature of the distal pathology. Using a Mapleson D system, the patient breathed 100% oxygen through the tracheostomy and incremental doses of sevoflurane were added to the fresh gas flow up to a maximum concentration of 6%. Following the establishment of an adequate depth of anaesthesia as judged by the loss of the eyelash reflex, direct laryngoscopy was performed and the larynx sprayed with topical 2% lignocaine. Normal upper airways were noted. The tracheostomy tube was then removed and the stoma sealed with an airtight dressing. The patient breathed spontaneously via a facemask until a Storz rigid bronchoscope was inserted into the trachea by the surgeon.
This revealed a complex and difficult situation. The laryngeal anatomy was essentially normal. There was an old unhealed stoma at the level of the 2nd and 3rd tracheal rings as well as a large transverse incision at the level of the 3rd and 4th tracheal rings from the recent tracheostomy. Distal to this there was a long area of tracheal stenosis which ended 2 cm from the carina. Clearly the recent tracheostomy had not passed this stenosis. The stricture proved difficult to dilate but eventually 6, 7, 8 and 9 mm size scopes were passed. Tracheomalacia was present proximally. Two 40 mm size 14 stents were inserted to stabilize the trachea. These were positioned, one through the dilated tracheal stricture and one to cover the area of disrupted and inflamed trachea around the tracheostomy sites.
The patient breathed spontaneously throughout the procedure on a mixture of oxygen and 3% sevoflurane and tolerated it well. At no stage did he cough or breath-hold. Oxygen saturations remained around 98% and end-tidal CO 2 levels remained within normal limits. Cardiovascular parameters remained within 10% of baseline levels throughout the case. Several small boluses of propofol were given during periods when a greater depth of anaesthesia was rapidly required. Antibiotic cover was given prior to the insertion of the stents. At the end of the procedure, once it was clear that the stridor had resolved, the sevoflurane was discontinued and emergence was rapid and uneventful. The patient returned to the ITU awake and breathing spontaneously with no evidence of respiratory distress.
Fibreoptic bronchoscopy the following day showed that the stents were well positioned and large volumes of sputum were aspirated from the distal airways. The patient has since undergone multiple repeat fibreoptic and rigid bronchoscopies to check on the position of the stents and to permit bronchial toilet. Some of these investigations have revealed a slight narrowing of the trachea between the stents, but the patient was clearing his secretions well at the time. Two weeks after its insertion the upper stent was removed without complication. Two months later the patient remains well at home although he attends the hospital regularly for repeat bronchoscopy.
DISCUSSION
Tracheal stenosis and tracheomalacia remain relatively uncommon although their incidence is said to be increasing due to the increased number of endotracheal intubations and emergency airway procedures being performed 1 . Acquired tracheal stenosis is caused by acute or benign scarring of the trachea and has been categorized by Montgomery 2 into suprastomal, stomal and infrastomal. Suprastomal strictures occurring above the tracheostomy site are caused by high tracheostomy, trauma to the anterior tracheal wall during tracheostomy or intubation trauma. Stomal strictures are caused by direct injury and/or infection leading to loss of cartilaginous support and scarring. Infrastomal strictures are brought about mainly by excessive cuff pressures leading to ulceration and loss of cartilaginous support, but in addition, excessive pressure and motion of the tip of the endotracheal tube can cause granuloma formation and scarring. Our patient was complicated in that he had had tracheostomies performed at more than one level and developed airway stenosis at multiple levels. The distal airway stenosis presumably was caused by his original prolonged period of endotracheal intubation. His insulin-dependent diabetes mellitus may have been a compounding factor making him more prone to infection and subsequent scar formation.
The two options to induce anaesthesia in this patient were an inhalational or an intravenous induction. An intravenous technique, although considered, was rejected in the face of what appeared to be rapidly progressing airway obstruction from an unknown cause in a patient who already had a tracheostomy in situ. Despite the fact that it was known that the patient had an element of tracheal stenosis we were unsure to what extent the surgical emphysema had distorted the airway (including the upper airways because we were aware that at some stage during the procedure we would have to remove the tracheostomy). There was a risk that an intravenous induction may have rendered the patient apnoeic, requiring positive pressure ventilation and exacerbating the surgical emphysema and pneumothorax. We did, however, administer a judicious dose of intravenous midazolam to relieve anxiety without compromising respiratory function.
Sevoflurane is a new volatile agent recently introduced into anaesthetic practice in this country. Its features of a relatively low blood-gas solubility coefficient (0.68) combined with a pleasant smell make it an excellent agent for inhalational induction of anaesthesia. It is also the least respiratory irritant of the currently available volatile anaesthetics 3 . Although sevoflurane has been described in this context in the paediatric anaesthetic literature 4 , to our knowledge this is the first description of its use in an adult with significant central airway obstruction. There are no studies of sevoflurane in patients with left ventricular dysfunction or coronary artery disease, but in a recent study of elderly day case patients it was shown that although blood pressure does fall (mean 10 mmHg) initially on sevoflurane inhalation it returns to baseline usually within five minutes 5 . This superior cardiovascular stability of sevoflurane when compared with halothane, the other main choice for inhalational induction made it a good choice for inhalational induction in this patient. The arrhythmogenic properties of halothane would also not have made it a suitable choice in this patient.
We elected to perform inhalational induction in 100% oxygen because we felt that nitrous oxide was contraindicated in the presence of an unresolved pneumothorax and we wished to maintain high oxygen reserves in the blood in view of his poor myocardial state. Recent studies have shown no improvement in induction when nitrous oxide is added to the fresh gas flows 6 . In our patient, induction of anaesthesia seemed relatively fast and uncomplicated which is a little surprising given the degree of airway stenosis he was subsequently shown to have. The fact that he already had a tracheostomy in situ may have helped this in that there was no entrainment of air as may occur with facemask inductions. Overall the induction and maintenance of anaesthesia in this patient was very smooth with sevoflurane, as was the recovery phase, and we believe that it may be a valuable agent to use in patients who have evidence of central airway obstruction.
